Light has a significant effect on the whole biological parameters of people. Its influences are found in many areas including the following: -By means of human sight, light organizes the relationship between men and both living and lifeless of all creation in its entirety.
Lighting and biological effects
We normally think of the eye as an organ for vision, but due to the discovery of additional nerve connections from recently-detected novel photoreceptor cells in the eye to the brain, it is now understood how light also mediates and controls a large number of biochemical processes in the human body. The most important findings are related to the control of the biological clock and to the regulation of some important hormones through regular light-dark rhythms. This in turn means that lighting has a large influence on health, well-being and alertness. Light sends signals via the novel photoreceptor cells and a separate nerve system to our biological clock, which in turn regulates the circadian (daily) and circannual (seasonal) rhythms of a large variety of bodily processes. Figure 1 shows some typical rhythms in human beings. The figure shows only a few examples: body temperature, alertness, and the hormones cortisol and melatonin [1] .
Figure 1:
Some typical rhythms in human beings.
The hormones cortisol ("stress hormone") and melatonin ("sleep hormone") play an important role in governing alertness and sleep. It is the rhythm of day and night, of light and darkness that synchronises our biological clock. Accordingly, light has a direct and significant impact on people's alertness and well-being. So, while the emphasis in the past may have been primarily on the visual effects of lighting, now there is increasing interest in its biological effects too. It is possible, therefore, to use daily dynamics in lighting to improve performance, for example by varying illuminance and colour temperature according to the time of day. Higher illuminance levels with colder light will wake us up in the morning and make us more alert during the post-lunch dip. Low illuminances with a warm colour temperature have a calming effect. Two of the characteristics of light that strongly influence how we feel in a given environment are the brightness and colour appearance of the light. First of all, the light should always be bright enough to facilitate visual task performance, and better visual task performance results in better work performance. Increased lighting levels can also help to counter well-known effects such as the 'afterlunch dip' among day workers [2] .
The colour appearance of the light also has substantial biological relevance. For example, the bluish light of morning has a stimulating effect on us, while the red sky of the early evening is relaxing. Daylight -the form of light with which we are most comfortable -is never constant. It changes throughout the day, affecting our emotions, moods, perception and performance [3, 4] .
The Kunsthalle
The authors have designed a dynamic lighting system for a "Kunsthalle", an exhibition space dedicated to contemporary art, Figure 2 . The Kunsthalle was designed to find a balanced relationship between art, architecture and nature. The idea was to create a hinge structure "hybrid" that confers a specific urban identity to the archaeological area of Syracuse, creating a zone filter to the archaeological site of Neapolis, carrying out a connection between the city and the archaeological zone. The project has drawn inspiration from minimalist architects such as Claudio Silvestrin and Tadao Ando. Some views of the Kunsthalle.
In the following sections, a detailed analysis will be performed of the comparison between a standard and dynamic lighting system for the office located in the Kunsthalle. The technical light design will be evaluated, the lighting parameters, the costs and benefits. Then, it will be exposed how the technical light design, applied to the environment taken as a reference, can be applied to the Exhibition Hall.
The standard and dynamic lighting system for an office
As a first step, respecting the limits imposed by current regulations (EN 12464-1), the lighting design of the office located in the Kunsthalle was carried out using first the standard lighting system and then the dynamic lighting. The office is an open space and its dimensions are 17.5mx 5.6mx 3.7m ( Figure 3) . The office has windows of size 0.2mx 1.70m at a height of 2.0m above the floor. The reflection coefficient of the walls are 0,5. The reflection coefficient of the ceiling is 0,7. The reflection coefficient of the floor is 0,2. The desks and the other furniture have a reflection coefficient equal to 0,3. The office modeled with standard lighting.
The office lighting equipment has been arranged in three rows of six Philips type lighting fixtures, Savio model, version for mounting on the ceiling containing lamps 54W (TCS760-2xTL5-54W/840 Standard Lighting version and TCS770-3xTL5-54W/865/827/865 Dynamic Lighting version) with micro-lens optic (MLO) that allows Omni-directional Luminance Control (OLC), placed parallel to the facade. It has been calculated the horizontal illuminance level both for the standard scenario and the dynamic scenario using the human rhythm ( Figure 5) , not taking into account the day-lighting (Figures 6 and 7) , using the software Relux. Table 1 shows a summary of the results obtained using the software Relux for the two scenarios. The different values of total luminous flux of all lamps and, consequently, the different values of average illuminance are due to both the use of different types of lamps that the maintenance of the same uniformity of illumination for the two scenarios. It can be noted that the minimum value of average illuminance, required by EN 12464-1, is satisfied for both scenarios but in the dynamic scenario, with the same rate of luminous flux, the average illuminance is greater than 300 lx compared to the standard scenario. The graphs show the minimum and maximum values for both light output as color temperature. Comparison between standard and dynamic scenario (Relux data). Horizontal illuminance levels for the dynamic scenario. Tables 2 and 3 show that the values of the luminous flux and the color temperature remain constant over time for the standard scenario, while those values change over time for the dynamic scenario. Moreover, in the two tables the cost of electricity is set out over a year for both scenarios. The cost of electricity for the dynamic scenario is 12% greater than the standard.
Standard Scenario Dynamic Scenario
The cost of the two lighting systems is the same while the cost of the lighting fixtures for the standard system and the dynamic system is different, which also requires a control unit and a set of modulation device. Consequently, the cost of a dynamic lighting system is greater than 44% compared with the standard lighting system. Table 4 shows the cost of the lighting fixtures for the two systems. The cost comparison has been made for 32 luminaire because it is the maximum number of luminaire that the controller can handle and it is convenient to handle the maximum possible number of luminaire. Although the cost of a dynamic system is greater than the standard, it has to be remembered that some of the economic losses of a company are caused by the absence of the employees and this is often due to non-healthy lighting. We considered that this part of economic loss attributed to the absence could have been to transform into an economic gain for the company by using a system of dynamic lighting. In fact, the research shows that one of the positive effects induced by the increase on well-being produced by a dynamic lighting is the decrease of the absenteeism that can be quantified from 8% to 12% [1] . The reduction in absenteeism could lead the company to an economic gain and it could help to offset costs of investments over time. Figure 8 shows the cost of construction and management (annual energy cost and maintenance) for the dynamic system and standards.
The graph also shows the economic trend of the investment due to lower percentages of non-absenteeism (8%, 10%, 12%) thanks to the dynamic lighting system. The cost of construction and management.
For the above chart the following program of maintenance was taken into account:
• maintenance lamps: 3 rd , 5 th , 9 th , 11 th , 13 th year; • maintenance and replacement lamps: 7 th year.
The Exhibition Hall
As in the previous section, a modellation of the Exhibition Hall has been performed and applied both the standard lighting system and the dynamic lighting system. In this case, however, we focused on software capable of modeling the dynamic light. To this aim, several simulations with Fryrender software have been performed. Fryrender is a photo-realistic render engine where all the elements involved in the generation of the final image (materials, lights and cameras) are based on physically accurate models. It is not a classical render engine, but a physics simulator that reproduces the governing Laws of light radiation and optics accurately. This light simulation is performed using unbiased integration techniques that ensure that the render will converge to the exact real light balance, provided enough time for the computations.
In the dynamic lighting simulation, the Exhibition Hall equipment has been arranged in two rows of twenty-eight Philips type lighting fixtures, Savio model, version for mounting on the ceiling containing lamps 35W (TCS770-3xTL5-54W/865/827/865). In the standard lighting simulation, the Exhibition Hall equipment has been arranged in four rows of fourteen Zumtobel type lighting fixtures, SLOT model, version for mounting on the ceiling containing lamps 54W (Slot 3x1 54W PMMA LDE IP54). The horizontal and vertical illuminance level both for the standard scenario and the dynamic scenario using the human rhythm has been calculated, not taking into account the day-lighting using the software Relux and then modeling the environment using the software Fryrender. The images of the Exhibition Hall with dynamic lighting system at different hours of the day. Table 6 shows the comparison of the summary of results obtained in the two scenarios. Figure 9 shows four frames of the simulation of dynamic lighting with natural biorhythm. Figure 10 shows the image of the simulation of standard lighting. Figure 5 shows the comparison of the variation of dynamic lighting with the standard lighting. The images of exhibition Hall with standard lighting system. 
Conclusions
The analysis of the results can lead to the following final considerations: -The application of a dynamic lighting system surely offers some benefits to an environment: well-being, comfort, relaxation. The benefits are especially evident in environments like offices and they can be assessed economically only as a decrease of absenteeism in the workplace -The dynamic lighting system can lead to minimum but not significant energy savings compared to standard lighting system. -As things stand now, the cost of the equipment of a dynamic lighting system is not economical compared with the standard system, however: -The dynamic lighting system opens new possibilities for artistic lighting of the exhibition spaces and gives them a feeling of open space. The next step of research will be to verify the energy savings analyzing the dynamic lighting coupled with day-lighting
